Congenital nasal pyriform aperture stenosis may be isolated or associated with other midline anomalies. The aim of the study was to describe the measurements and features of the interorbital structure and midface in congenital nasal pyriform aperture stenosis. The computed tomography scans of eight patients (two girls and six boys) were retrospectively reviewed. Several distances were obtained at the orbital and midface levels and compared with normative data. The average width of the pyriform aperture was 5.5 mm ± 1.6, and there was overgrowth of the pyriform aperture rim (nasal process of the maxilla). No skeletal anomalies were present other than the congenital nasal pyriform aperture stenosis. It was associated with a single median maxillary central incisor in two cases. The anterior and lateral interorbital distances were normal (17.4 mm and 65.4 mm, respectively). The midface was not hypoplastic. There was no brain malformation. Congenital nasal pyriform aperture stenosis is a localized dysostosis of the pyriform aperture rim without interorbital or midface hypoplasia. It may be associated with a single median maxillary central incisor but cannot be viewed as a minor form of holoprosencephaly.
C
ongenital nasal pyriform aperture stenosis (CNPAS) is a rare cause of neonatal airway obstruction. The clinical presentation is the same as that of posterior choanal atresia [1] [2] [3] [4] or nasal cavity stenosis. 5 Congenital nasal pyriform aperture stenosis was first described by Ey et al 4 and was defined by Brown et al 6 as a bony overgrowth of the nasal process of the maxilla. Computed tomography (CT) confirms the diagnosis and delineates the anomaly. [6] [7] [8] [9] [10] The exact pathogenesis of CNPAS is still unknown and controversial. It may be associated with midline anomalies like a solitary median maxillary central incisor (SMMCI) [11] [12] [13] [14] [15] [16] [17] [18] or central endocrine insufficiency. [18] [19] [20] Some authors include CNPAS as a minor form of holoprosencephaly (HPE). 11, 13, 15, 21 In HPE, it is clear that the prosencephalon and olfactory bulb are primarily affected and the facial malformation can predict the brain malformation. 22 Minor facial anomalies may be associated with HPE, including ocular hypotelorism or hypertelorism, flat nose, unilateral or bilateral cleft lip, iris coloboma, or other minimal facial dysmorphism like an SMMCI. 23 An SMMCI also occurs as an isolated malformation without HPE. 24 The aim of this study was to test the hypothesis that CNPAS may be a local dysostosis without midface hypoplasia and hypotelorism and cannot be considered as a minor form of HPE. On the other hand, CNPAS may be an isolated condition or associated with another malformation.
MATERIALS AND METHODS

F
rom 1999 to 2002, eight cases of CNPAS were treated at the Unité de chirurgie plastique pédi-atrique of Montpellier. There were two girls and six boys, and their clinical presentation is described below. In all cases, the diagnosis was suspected by nasal endoscopy (OLYMPUS D ENF type P3) and confirmed by facial CT scan. The CT scan was sys-tematically performed, and axial 1.0-or 1.5-mm CT slices were obtained from the palate to the orbital roof parallel to the orbitomeatal plane.
The measurements of the pyriform aperture, 7 upper midface region, and orbital region 25 were obtained from the CT scan of each case and are described in Table 1 . All measurements were performed directly on the CT film with a 0.5-mm ruler and then standardized to the 5-cm reference scale on each film. They were compared with normal values. 7, 25 The total width of the pyriform aperture was measured between the medial aspect of the nasal process of the maxilla at the level of the nostril and the inferior meatus. Two distinct axial CT slices were chosen for the orbital region and upper midface region. 25 The first slice in the orbital region transected the lens of the globe, the optic nerve, the lateral and medial rectus muscles, and the superior aspect of the frontal process of the zygomatic bones. The second slice in the upper midface area transected the zygomatic arch and the maxillary sinuses.
Case 1
Patient 1 was a term female infant who was delivered by cesarean section secondary to dilatation stagnation. Her weight was 3,520 g, her height was 50 cm, and her skull circumference was 36 cm. The APGAR scores were 10 and 10 at 1 and 5 minutes, respectively. The physical examination showed no craniofacial dysmorphology. Shortly after birth, she had respiratory distress with noisy breathing and sus-sternal retraction rapidly regressive with a Guedel tube. The introduction of the fiberscope through each nostril was difficult, and the choanae were permeable. The CT scan confirmed the absence of choanal imperforation and showed CNPAS. After corticoid aerosol treatment (Solu-Medrol) to reduce the nasal congestion, surgical dilatation was performed with dilatators (8-13 French) under general anesthesia and a 3.5-mm nasopharyngeal tube was left in place for 48 hours. After removing the tube, she did not demonstrate any respiratory difficulty and the ulterior staturoponderal growth was correct.
Case 2
Patient 2 was a premature 36-week-old male infant. His weight was 2,150 g, his height was 43 cm, and his skull circumference was 31 cm. The APGAR scores were 10 and 10 at 1 and 5 minutes, respectively. A VATER association was diagnosed in the presence of anal imperforation, sacral fusion of S4 to S5, a cardiac defect (large foramen ovale), and renal ectopia with fusion of the two kidneys. Three weeks after birth, he presented with respiratory distress that required intubation for 5 days. Nasal endoscopy showed bilateral narrow nostrils at the anterior part of the nasal cavity and permeability of the choanae. The CT scan revealed CNPAS, and a unique central incisor was present. After extubation, a corticoid aerosol was administered for 1 week and surgical dilatation of the nasal cavities was performed with dilatators (day 45). The nasopharyngeal tubes were kept in place for 15 days and were reintroduced for 48 hours secondary to dyspnea. After 1 week of corticoid aerosol (Soludecadron), the symptoms resolved completely and he could leave the hospital.
Case 3
Patient 3 was a term female infant who was in breech presentation. Her weight was 2,700 g, and her skull circumference was 33 cm. The APGAR scores were 1 at 1 minute and 1 at 5 minutes secondary to respiratory distress and anoxia. She required intubation at the sixth minute. After reanimation, the extubation was performed on day 2, but she stayed dyspneic with noisy breathing and sus-sternal retraction. Na- 
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sal endoscopy was performed and revealed an anterior obstruction at the nostril level, with good permeability of the choanae. The CT scan revealed CNPAS. After corticoid aerosol therapy, the nasal pyriform aperture was dilated but the control cardiorespiratory study (day 17) revealed a mean O 2 saturation at 98% with some apnea without bradycardia. At 5 months, surgical enlargement of the nasal pyriform aperture was performed through the superior labial vestibule. The lateral wall of the aperture was exposed and enlarged with a hollow chisel. A silicone nasopharyngeal tube (л3.5 mm) was placed bilaterally in the nostrils for 24 hours. The postoperative course was perfect, and she did not have any respiratory trouble.
Case 4
Patient 4 was a term male infant, and the delivery was normal. His weight was 4,320 g, his length was 54 cm, and his skull circumference was 36 cm. The APGAR scores were 6 at 1 minute and 9 at 5 minutes.
The respiratory distress was managed with a Guedel tube. Nasal endoscopy eliminated a choanal atresia and revealed CNPAS. This diagnosis was confirmed by the CT scan. The first treatment had been adrenaline aerosol from day 1 to day 7 after birth and then intraoral corticotherapy from day 7 to day 17. Dilatation of the nasal pyriform aperture was performed at day 12 after birth with dilatators (8-14 French), and a calibration with nasopharyngeal tubes was kept in place for 3 days. Two weeks after dilatation, the clinical control was perfect without any respiratory difficulty.
Case 5
Patient 5 was a 37-week-old male infant who was delivered by cesarean section secondary to acute fetal distress. His weight was 2,400 g, his length was 42 cm, and his skull circumference was 33 cm. The APGAR scores were 7 and 8. He was dysmorphic, with retrognathia, glossoptosis, and low implantation of the ears, and his face was asymmetrical with a divergent strabismus of the left eye. He also had an interventricular communication. After birth, he developed respiratory distress, and passage of the catheters through the nostrils was difficult. He was managed with a Guedel tube and oxygenotherapy. Nasal endoscopy was not performed because it was impossible to introduce the fiberscope through the nostrils. The CT scan showed CNPAS. Dilatation of the nasal pyriform aperture was performed on day 14 with dilatators (8-15 French), and two nasopharyngeal tubes stayed in place for 5 days. Oral corticotherapy was instituted. The evolution was good, and he went back home.
Case 6
Patient 6 was a term male infant delivered by cesarean section. His weight was 3,280 g, his length was 50 cm, and his skull circumference was 35 cm. The APGAR scores were 8 and 10. He presented with inspiratory dyspnea, noisy breathing, and flapping of the nasal wings. He was discretely dysmorphic, with bilateral auricular pits and a large nasal dorsum. The endobuccal examination showed an ogival palate with a submucous cleft palate. Three days after birth, nasal endoscopy was performed and the fiberscope could not be introduced in the nasal cavity. The facial CT scan made the diagnosis of CNPAS. Surgical dilatation was performed with dilatators (8-14 French), and a 3.5-mm diameter nasopharyngeal tube stayed in place for 1 week.
Case 7
Patient 7 was a 39-week-old male infant, and the delivery was normal. After 2 days of life, he presented with an inspiratory dyspnea with noisy breathing, which was improved by the corticoid and adrenaline aerosol. The clinical examination showed a submucous cleft palate without facial dysmorphy. Nasal endoscopy could not be performed because it was impossible to introduce the fiberscope, but a catheter (number 5) could be introduced bilaterally. The facial CT scan showed a narrowing of the nasal fossae with anterior stenosis of the pyriform aperture. This CNPAS was associated with a unique central incisor. A vestibular approach was performed, and the aperture was widened by drilling the medial nasal process rim. A nasal tube was fixed in place for 4 days. The last control (4 months after the surgery) showed a total absence of respiratory symptoms.
Case 8
Patient 8 was a 39+5-week-old male infant, and the delivery was normal. His weight was 3,460 g, his length was 48 cm, and his skull circumference was 34.5 cm. The APGAR scores were 6 at 1 minute, 8 at 5 minutes, and 10 at 10 minutes. The neonatal respiratory distress resolved completely. Nasal endoscopy could not be performed because it was impossible to introduce the fiberscope, but a CT scan was programmed after hospital discharge. One month after birth, he presented with acute respiratory distress necessitating oxygenotherapy. The CT scan revealed CNPAS without an SMMCI. Surgery was
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performed by means of a vestibular approach. The nasal processes were drilled, and the piriform aperture was calibrated with two nasopharyngeal tubes (л3.5 mm).
RESULTS
Clinical Findings
T here were two girls and six boys. All the infants presented with neonatal respiratory distress except in one case. The respiratory distress was managed with a Guedel tube in three cases and necessitated intubation in one case. In other cases, the respiratory distress resolved with symptomatic therapy only. In Case 8, acute respiratory distress reappeared after 1 month of life. In one case (Case 2), there was no neonatal respiratory distress; the respiratory distress was only revealed 3 weeks after birth and necessitated intubation.
Minor facial anomalies like auricular pits, a large nasal dorsum, or low implantation of ears were associated in two patients (Table 2 ). In one case, these anomalies were associated with retrognathia with glossoptosis, and in the other, they were associated with a submucous cleft palate. A submucous cleft palate was observed in three cases. A boy presented with a VATER association, and the CNPAS was associated with an SMMCI.
Fiberscope Observation
In four cases, it was difficult to introduce the fiberscope in the nasal cavity and to show the choanae. In the anterior part of nasal cavity, the inferior meatus was narrow and the inferior turbinate was lying on the nasal septum. In the posterior part, the choana was perfectly permeable. It was impossible to introduce the fiberscope through the nostril in four cases because the inferior turbinate occupied the entire cavity and the nostril was too narrow.
CT Scan Observation
The nasal septum was not deviated, and the nasal cavities were not stenosed. The vomer bone and the pterygoid process were normal, and the choanae were always permeable. In the orbital plane, the nasal bone was in place, the perpendicular plate of the ethmoid bone was not deviated, and the ethmoid cells were free (Fig 1) . No anomalies of the lateral wall of the orbit were seen. The frontal process of the maxilla was normal, but the maxilla at the level of the pyriform aperture in front of the lacrimonasal duct was stenosed, with a mean width of 5.5 mm ± 1.6 (range: 4.5-9 mm) (see Table 3 ). The nasal process of the maxilla (pyriform aperture rim) appeared medially displaced and thick in all cases (Fig 2) . The presence of a central incisor was observed in two cases associated with severe overgrowth of the nasal process of the maxilla (Fig 3) . The measures of the midface and the orbit were normal except for Case 5, where the intertemporal length, the interzygomatic buttress length, and the interzygomatic arch length 
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were below normal values (see Table 3 ). The brain CT scan showed any midline disorder.
DISCUSSION C
ongenital nasal pyriform aperture stenosis is an uncommon congenital malformation. Like choanal atresia, it is a cause of nasal airway obstruction and may be revealed by neonatal respiratory distress with cyanosis and breathing difficulty. 7, 8, 26, 27 This anterior nasal obstruction is secondary to overgrowth of the pyriform aperture rim, leading to anterior nasal stenosis. This stenosis is isolated, and there is no midface hypoplasia or hypotelorism even when it is associated with an SMMCI or a VATER association. As a result, the CNPAS cannot really be considered to represent a minor form of HPE and may be a midline malformation per se. Like numerous malformations, however, it can be isolated or associated with another malformation.
The diagnosis of CNPAS can be suspected by the physical examination or by the nasal fiberscope showing a narrow nasal inlet, but the diagnosis is made with a CT scan of the nasal cavity. The pyriform aperture is the most anterior bony inlet of the nasal cavity and is bounded superiorly by the nasal bones, laterally by the nasal process of the maxilla, and inferiorly by the premaxilla and the anterior nasal spine. Congenital nasal pyriform aperture stenosis was first described by Ey et al 4 as a bony stenosis of the pyriform aperture and by Brown et al 6 as a bony overgrowth of the nasal process of the maxilla. The CT measurement of the pyriform aperture between the medial aspects of the maxilla at the level of the inferior meatus is a simple and accurate method for diagnosis, and a width less than 11 mm in a term infant is considered to be diagnostic. 7 In our series, the average stenosis was 5.5 mm and was always associated more or less with an overgrowth of the pyriform aperture rim. This overgrowth is perfectly seen with the three-dimensional CT scan in the case of CNPAS reported by Faust and Phillips. 28 Rollins et al 29 reported a case of CNPAS with overgrowth of the nasal process associated with an SMMCI; thus, when CNPAS and the SMMCI are associated, this overgrowth seems to be more obvious. The stenosis was always forward of the nasolacrimal duct, and the nasal septum (cartilage septum, perpendicular plate of the ethmoid and vomer), like the choanae, were normal in all cases in our study. 
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Congenital nasal pyriform aperture stenosis can be an isolated defect or associated with a large spectrum of defects. The two most frequently reported defects associated with CNPAS are an SMMCI 8, [10] [11] [12] 14, 17, 18, 26, [29] [30] [31] and diencephalic defects like hypophyseal agenesis or central endocrine insufficiency. 11, 12, [18] [19] [20] [30] [31] [32] [33] A short stature was present in 75% of affected patients. 31 Sometimes, it is also associated with craniosynostosis, 11, 18 Apert syndrome, 18, 26 Crouzon syndrome, 26 Chiari I malformation, 18 aplasia of the internal carotid artery, 30 or thyroid dysgenesis. 11 Additionally, minor facial anomalies like hypotelorism or narrow nose can be present in association with CNPAS. 8, 18 The CT scan measurement of the anterior interorbital distance revealed no hypotelorism or hypertelorism in our CNPAS series, even in the cases associated with an SMMCI. The anterior interorbital distance was always in the 95% confidence interval, and no anomaly of the ethmoid or the midline nasal septum was observed. Moreover, there was no midface hypoplasia in any case except Case 5, in which the skull was also small (−2.5 SD) and the interorbital distance was normal. In Case 2, CNPAS was associated with an SMMCI in a VATER association. Thus, an SMMCI associated with a VATER, but not CNPAS, has been previously reported. 34 Congenital nasal pyriform aperture stenosis as part of HPE was first suggested by Arlis and Ward. 11 It may occur as an isolated defect, or when it is found in association with an SMMCI, it may be the earliest manifestation of HPE. Arlis and Ward 11 believe that the CNPAS should be viewed as a nonspecific sign. In other hands, an SMMCI is also a nonspecific sign and may be isolated or associated with or without a known syndrome. 35 Hui et al 15 provide further support by documenting central nervous system manifestations in three of six patients with CNPAS, suggesting the association with HPE. In one case, a true HPE was present on the postmortem examination: a single hemisphere with the absence of longitudinal fissures and aplasia of the olfactory nerves. It was associated with CNPAS, but the width of the nasal pyriform aperture and the presence of overgrowth of the nasal process of the maxilla were not reported.
Johnson et al 32 reported a case of CNPAS associated with a semilobar HPE and microcephaly. In the atlas of 36 cases of HPE, no CNPAS was described in association with the HPE, however, suggesting that is an uncommon feature. 23 In an anatomical study of 13 cases of HPE, Robain and Gorce 36 have shown only five nasal anomalies: two arhiny, two monorhiny without nasal septum, and one flat nose. In all the cases, there is the absence of an olfactory process (12 cases) or there is a rudimentary olfactory process (1 case) even if the interhemispheric division, gyri, and corpus callosum are present.
Tavin et al 21 reported a case of CNPAS with an SMMCI, hypotelorism, hypoplastic nose, submucous cleft palate, clinobrachydactyly of the fifth digits, short first toes, short stature, and association with a ring chromosome 18. The CT scan and magnetic resonance imaging of the brain were normal. The CT scan of the face showed a unilateral pyriform aperture stenosis and a bilateral agenesis of the maxillary sinus. The ring chromosome 18 is an etiology of HPE, 37 and in the case reported by Tavin et al, 21 the unilateral stenosis of the pyriform aperture could be seen as a middle form of the premaxillary dysgenesis but not really CNPAS, which is always bilateral.
The etiology and developmental embryology of CNPAS is unknown; however, it is obviously a midline facial defect. Brown et al 6 postulate that an overgrowth of maxillary ossification in the area of the nasal process of the maxilla is responsible for the anomaly of the pyriform aperture. Carstens 38 defined the development of the midline nasal structure by the presence of two paired A fields originating from the prechordal mesoderm and associated with nasal and optic structures. The defect of the A fields is conducive to a variety of midline malformations like hypertelorism as a result of failure of fusion of the two paired A fields or hypotelorism as a result of hypoplasia of the interorbital mesoderm. The development anomaly of the A fields is also conducive to neuroendocrine dysfunction like in the Kallman syndrome. The geometry of the nasal A field complex is subdivided in two subunits: the lateral part is the A2 field and contains the pyriform aperture rim, turbinates, and medial wall of the ethmoid sinus, and the medial part is the A1 field and contains the premaxilla, vomer, and perpendicular plate of the ethmoid. 38 Congenital nasal pyriform aperture stenosis may be considered as a localized dysostosis of the anterior part of the A2 field (pyriform aperture rim) and the A1 field (premaxilla) when it is associated with an SMMCI. The posterior part of the A field is not concerned, because the vomer, perpendicular plate of the ethmoid, and ethmoid sinus are normal; thus, so is the interorbital distance. A stenosis of the nasal pyriform aperture, with or without nasal cavity hypoplasia, may be associated with HPE as a malformative sequence associated with a hypoplastic A field like in the cases described by Tavin et al, 21 Johnson et al, 32 and Hui et al, 15 but not an overgrowth of the nasal process of the maxilla like in CONGENITAL NASAL PYRIFORM APERTURE STENOSIS / Captier et al CNPAS. As in HPE and Kallman syndrome, a neuroendocrine deficiency may be associated with CNPAS with or without an SMMCI.
CONCLUSION C
ongenital nasal pyriform aperture stenosis is a midline dystosis localized to the nasal pyriform rim and the interorbital is not hypoplastic. This dysostosis may also affect the premaxilla; then, the CNPAS is associated with an SMMCI. Facing neonatal or secondary respiratory distress, the CNAPS must be evoked as choanal atresia. The diagnosis is made with a CT scan, and if the CNPAS is isolated, the management of the respiratory distress is based on the symptoms.
When the CNPAS is associated with an SMMCI, magnetic resonance imaging seems to be advocated to rule out a central nervous system anomaly like hypophyseal agenesis. A follow-up examination performed by a pediatrician endocrinologist is suitable, because there is a high rate of endocrine dysfunction in CNPAS with an SMMCI.
